Nuclear localization and mitogen-activated protein kinase phosphorylation of the multifunctional protein CAD.
CAD is a multifunctional protein that initiates and regulates mammalian de novo pyrimidine biosynthesis. The activation of the pathway required for cell proliferation is a consequence of the phosphorylation of CAD Thr-456 by mitogen-activated protein (MAP) kinase. Although most of the CAD in the cell was cytosolic, cell fractionation and fluorescence microscopy showed that Thr(P)-456 CAD was primarily localized within the nucleus in association with insoluble nuclear substructures, including the nuclear matrix. CAD in resting cells was cytosolic and unphosphorylated. Upon epidermal growth factor stimulation, CAD moved to the nucleus, and Thr-456 was found to be phosphorylated. Mutation of the CAD Thr-456 and inhibitor studies showed that nuclear import is not mediated by MAP kinase phosphorylation. Two fluorescent CAD constructs, NLS-CAD and NES-CAD, were prepared that incorporated strong nuclear import and export signals, respectively. NLS-CAD was exclusively nuclear and extensively phosphorylated. In contrast, NES-CAD was confined to the cytoplasm, and Thr-456 remained unphosphorylated. Although alternative explanations can be envisioned, it is likely that phosphorylation occurs within the nucleus where much of the activated MAP kinase is localized. Trapping CAD in the nucleus had a minimal effect on pyrimidine metabolism. In contrast, when CAD was excluded from the nucleus, the rate of pyrimidine biosynthesis, the nucleotide pools, and the growth rate were reduced by 21, 36, and 60%, respectively. Thus, the nuclear import of CAD appears to promote optimal cell growth. UMP synthase, the bifunctional protein that catalyzes the last two steps in the pathway, was also found in both the cytoplasm and nucleus.